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BIPHASIC UPOSOMES CONTAINING IMMUN06EN AND CPG, FOR STIMUUTING 

AN IMMUNE RESPONSE 

Field Of the Invontion 

[0001] The present invention relates to oompostiions, kits, and me&\od& for 
elidting an immune response. IMore particulaity, the invention relates to a lipid 
vesicle composition and to a lipid vesicle composltton in oombinatibn with an 
oUgonudeoHde having a cytosine-guanine (CpG) dinudeotlde motif, foreliclflng an 
immune response to an antigen. 

References 

100021 Chanocic, R.M., Lemer, RA. Brown, F. and GInsbeig, H. "New 
Approaches to Immunization, Vaccines" 86. Cold Spring Hartwr, N.Y. (1987). 
10003] Kllnman. D.M. et ah, Vacdn&, 17:19 (1999). 
10004] Kreig, A.IW. et ah. Pharmacology 8, Therapeutics, 84:1 13 (1999). 

Backgreund of the Invention 

[0005] Vaccines have traditlonany consisted of live attenuated pathogens, 
whole inactivated organisms, or Inactivated toxins. Aithough these have proved 
successiUI In the past, several drawbaci<s have limited their use against more 
challenging diseases such as hepatitis C or AIDS. First, certain live-attenuated 
vaccines can cause disease in immunosuppressed individuals by reverting to a 
more virulent phenotype. Second, whole Inactivated vaccines (e.g.. Bordetella 
pertussis) contain reactogenic components that can cause undesirable side 
effects. TWrd, some pathogens are difficult or even Impossible to grow in culture 
{e.g., hepatitis B, hepatitis C, and human papillomavims), maldng preparation of a 
vaccine problematic. 

toooq In the past decade, several new approaches to vaccine development 
have emerged that may have significant advantages over treditionai approaches. 
These new approaches include recombinant protein subuntts. synthetic peptides, 
and plasmid Dl^ Aithough they offer advantages such as reduced toxicity, they 
are poorly Immunogenic when administered alone. This is particularly true for 
vaccines based on recombinant proteins or peptides. Traditional vaccines are 
heterogeneous and contain many epitopes, some of which can provide additional 
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T-cell help or function as adjuvants (e.g., bacterial DMA in whole-cell vaccines). 
Therelbrep a great need exists for immunological adjuvants that are potent, safe, 
and compatible wKh new^eneratbn vaccines, including DNA vaodnes. 

Summary of the Invention 

[0007] Accordingly, it Is an object of the invention to pn^vide an adjuvant that 
achieves an enhanced immune response relative to the response achieved in the 
absence of the adjuvant 

[0008] It is another object of the invention to provide a lipid vesicle adjuvant 
[0009] It is a further object of the invention to provide an adjuvant comprised of 
9 nriixture of blphasic lipid vesicles and an oligonucleotide having a CpG motif. 
[0010] It is yet another object of the invention to provide a method of improving 
the immune nesporise achieved by administering an immunogen in combination 
with a biphasic lipid vesicle by further including a CpG ollgonudeotida 
[0011] In one aspect, the invention includes a composition for elidting In a 
subject an immune response to an immunogen. The composition Includes a 
suspension of biphasic lipid vesicles having a central core compartment containing 
an oQ-in-water emulsion, and, entrapped in the biphasic lipid vesicles, an 
immunogen. 

[0012] In one embodiment the Immunogen is an antigen derived from 
bacterial, viral, parasitic, plant or fungal origin. 

[0013] The immunogen is effective to elicit a humoral Immune response, or 
alternatively, is effective to elicit a cell-mediated immune response. 
[0014] In another embodiment the immunogen is admixed with the vesicles. In 
another embodiment the immunogen Is entrapped in the vesicles. 
[0015] In a preferred embodiment the composition further comprises an 
oligonucleotide comprising one or more cytosine-guanine (CpG) dinudeotides. 
Generally, the CpG oligonudeotide is of tiie fomi Xi CG X2t where Xi and Xz are 
nudeotides. More generally, tfie CpG oligonucleotide is of tiie form NnXi CG 
XzNm, where Xi, X2, Nn. and N|„ are nudeotides, and n and m individually range 
from 0 to about 100. Exemplary CpG oligonudeotides indude 
TCCATGACGTTCCTGACGTT (SEQ ID N0:1), TCAAC6TT (SEQ ID N0:2), 
GACGTT (SEQ ID N0:3), AGCGTT (SEQ ID NO:4), AACGCT (SEQ ID NO:5), or 
AACGAT (SEQ ID N0:6). wherein C and G are unmethylated. In anotiier 
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embodiment, ihe CpG oligonudeottde sequences comprises a T nucleotide on its 
y end. and exemplary sequences Include TTCAACGTT (SEQ ID N0:7), 
TGACGTT (SEQ ID N0:8), TAGCQTT (SEQ ID N0:9), TAACGCT (SEQ ID 
NO:10). and TAACGAT (SEQ ID N0:1 1). 

[00161 The CpG oligonudeottde sequence comprises typlrally between about 2 
to about 250 nucleotides, more preferably 2-100 nudeofides, and stili more 
preferably 8-100 nudeofides. 

[0017] In yet another embodiment the oligonudeottde has a phosphate 
backbone modification, such as a phosphorothioate backbone modification. 
[0018] In another aspect, the invenfion indudes a composition for elidHng In a 
subject, an immune response to an immunogen. The composition comprises a 
suspension of biphasic lipid vesides having a central core compartment containing 
an olWn-water emulsion, and associated with the vesides, 0) an immunogen and 
(ii) a CpG oligonudeotide. 

[0019] The immunogen and the CpG oligonudeotlde are admixed with the 
vesides. In one embodiment In another embodiment, the immunogen is 
entrapped in the vesides. In still another embodiment, the CpG oligonudeotide is 
entrapped in the vesides. In yet another embodiment, the immunogen and the 
CpG oiigonudeotWe are entrapp^ in the vesides. 
[0020] In another aspect, the Invention indudes a kit for preparation of a 
composHfon effective to elicit In a subject an Immune response to an immunogen. 
The kit Is comprised of (I) a biphasic lipid vesicle component; (ii) an immunogen 
component; and (iil) a CpG oligonucleotide component 
[0021] In another aspect, the Invention indudes a kit for preparation of a 
composition effective to elicit in a subject an immune response to an immunogen. 
The kit is comprised of (i) a first component of an immunogen entrapped in 
biphasic lipid vesides and (ii) a second component of a CpG oligonudeotide. The 
(wo components are admixed to fonn a composition effective to elicit an immune 
response. 

[0022]- In another aspect, the Invention indudes a kit for preparation of a 
composition effective to elicit In a subject an immune response to an Immunogen. 
The kit Is comprised of 0) a biphasic lipid veside-entrapped CpG oiigonudeotWe; 
and (il) an Immunogen component Tl)e two components are admixed to torn a 
composition effisctive to elicit an Immune response. 
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[0023] in another aspect, the Invention includes an improvement in a 
composition conriprised of a bipitasic lipid veside and an immunogen. The 
improvement comprises including a CpG oligonucleotide in the composition. The 
improvement is effecGve to enhance the immune response to the immunogen 
relative to the response obtained by administration of the vesicles and the 
Immunogen In the absence of the oligonucleotide. 

(0024] In still another aspect the Invention includes a method for enhancfrig the 
immune response obtained by administration of a biphasic lipid vesicle entrapped 
Immunogen, comprising administering a CpG oligonudeotide. 
[D02SI in one embodiment of this aspect, the lipid vesides and the 
oligonudeotide are administered subcutaneously or mucosally. 
[0026] These and otiier objects and features of tiie invention will be more fiiily 
appredated when the fbiiowing detailed description of the invention is read In 
conjunction wiUi the accompanying drawings. 

Brief Description of the Drawirigs 
[0027] Fig. 1 A is a bar graph showing the anti-OmlA IgG serum titre in pigs 
after subcutaneous administration of an antigen isolated from the outer membrane 
of AcOnobaallus pleuropneumonias (OmIA) in association with biphasic lipid 
vesides (Group 1-2); or biphasic lipid vesicles plus CpG (Group 1-3). Group 1-1 
and Group 1-4 are control groups. 

[0028] Rg. 18 shows the lung pathology score following evaluation of a lung 
section from each test animal in the test groups of Fig. 1A, where Group 1-1 Is 
represented by the dosed squares. Group 1-2 by the dosed triangles. Group 1-3 
by the inverted dosed triangles, and Group 1-4 by the dos^ diamonds. 
[0029] Fig. 2 is a bar graph showing semm anti-OmlA IgG titer following 
suboitaneous immunization vM} saline (Group 2-1), the antigen OmlA in saline 
and a CpG oligonucleotide (Group 2-2); the antigen OmIA associated witti biphasic 
lipid vesides and a CpG oligonudeotide (Group 2-3); or OmIA in a mineral-based 
adjuvant (Group 2-4). 

[0030] Rg. 3 is a bar graph showing the anti-gD IgG semm titre for mice 
Immunize subcutaneously (SQ) orintrana^lly (IN) w'rth viral antigen glycoprotein D 
fgD antigen"; Group SO-I and Group IN-4); witii gD antigen plus biphasic lipid 
vesides (fonmulation no. 1) and a CpG oligonudeotide (Group SQ-2 and Group IN- 
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5) or witfi gO antigen plus biphasic lipid vesldes (foimulatiDn no. 2} and a CpG 
oligonucleotide (Group SCh3 and Group IN-6). 

[0O81] Fig. 4 is a t)argiaph showing the anti-Gap C IgO serum litre in n^ mioe 
(Group 4-1) or mice immunized with a bacterial antigen isolated from Gap C of 
StreptocoGcus uteris (herein "Gap C antigen") plus a CpG oligonucleotide (Group 
4-2); or with Gap C antigen plus a CpG digonudeotide plus one of two dlfierent 
biphasic VipM vesldes Ibrmulations (Groups 4-3 and 4-4). 

Detailed Description of the Invention 

I. Definitions 

[00^ The Ibilowing tenns as used herein shall have the following meanings. 
[003^ "Antigen" refers to a substance or material that Is recognized specifically 
by an antibody and/or combines with an anybody. 

[0D34] "Adjuvanf refers to a substance or material that potentiates an bnmune 

response when administered in conjunction with an antigen. An adjuvant can also 

b& used to elidt an immune response more rapidly. 

[003S] "Biphasic lipid vesicles" refer to lipid partides fbnned of a veside- 

fomilng lipid and having an oil-ln-water emulsfon in the central core compartment 

The terms lipid vesicle, veside, and biphasic lipid veslde are used herein 

Interchangeably. 

[00361 "immunogen" refers to a substance or material, induding an antigen, 
that is capable of Inducing an immune response. Immunogens can elicit Immune 
responses either alone or in combination with an adjuvant. An immunogen can be 
synthetic or natural and can be. for example, an Inorganic or organic compound 
such as a hapten, a protein, peptide, polysaocharide, nudeoproteln, nudeic add 
or lipoprotein. Immunogens may be derived from a bacterial, viral or protozoal, 
plant, or fungal organism or fractions thereof. 

[0037] "Dose" refisrs to the amount of immunogen needed to elicit an Immune 
response. The amount varies with the animal, the Immunogen, and the presence 
of adjuvant, as described hereinbelow. The Immunization dose is readily 
determined by methods known to those of skill in the art, such as through host 
animal Immunization and challenge studies (Chanodc, ef a/., (1987)). 
IP038I A "CpG ollgonudeotide" intends a oligonudeotkle having a sequence 
Including at least Oie fbllowing formula: 
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yXiCGX2 3' 

where Xi and X2 are nucleotides and ttie oligonudeotide includes at least 4 
nucleotides. In a preferred embodiment C and/or G is unmettiyiated. 

II. Immunostlmulatory ComposiBon 

[003SQ In one aspect, the invention includes a composition for enhancing ttie 
immune response of an antigen or an immunogen. The t)asic component of the 
composition is a biphasic lipid veslde. Blphasic lipid vesides have been described 
in the art. for example, in U.S. Patent Nos. 5,853,755 and 5,993,852, which are 
incorporated by reference herein. The veslde is administered in combination with 
an immunogen, where the immunogen can be entrapped In the vesides or simply 
added to the extemal suspension media in which the vesides are contain^. As 
used herein, an immunogen is "assodated'* vwth biphasic lipid vesicles when the 
immunogen is entrapped in the vesides or Is admixed with the lipid vesides in 
sudi a way that the immunogen is contained in the medium in which the vesides 
are suspended. 

A. Biphasic Lipid Vesides 
[00401 The biphasic lipid vesides of the present invention indude in the central 
core compartment of the lipid vesicle, and in the aqueous space separating the 
lipid bilayers, an oiMn-water emulsion. In general, such lipid vesides are prepared 
by mbdng an oiHn-water emulsion with veslcle4onnlng lipids. Importantly, the oil- 
in-water emulsion is stabilized with a surfactant prior to mixing with the veside- 
formlng lipids. That is, the oil droplets in the emulsion are sumounded by a 
surfactant, preferably, surrounded by a monolayer of surfactant In a preferred 
embodiment, the stabilizing surfadant is other than the vesid^fonming lipid 
component fonning the biphasic lipid veside bOayers. 

[0041] More specifically, biphasic lipid vesides in accordance with the present 
invention are prepared according to the general procedure described in Example 
1. The selected lipid components are solubilized in a suitable solvent, which in a 
prefenned embodiment. Is a phannaceutically acceptable hydrophilic solvent, such 
as a polyol, e.g., propylene glycd, ethylene glycol, glycerol, or an aloohol, such as 
ethanol, or mixtures of such solvents. Depending on the physlcochemicai 
properties of the lipid components and on the selected soh^ent, it may be 
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necessary to warm the mbdure, fbr acainple, to between 40-80 
ID043] The lipid components necessarily include a veside-forniing lipid, by 
which is meant an amph^athic lipid having a hydrophobic tail and a head group 
wHch can foim spontaneously into bSayervesides in water. The veslde^nnbig 
lipids are preferably ones having two hydrocartxm chains, typically at^ chains, 
and where the head group is eitho* polar or nonpdar. There are a variety of 
synthetic veslde-fomiing lipids and natuially^occuning veside^bmning lipids 
suitable for use, such as phospholipids, which Indude phosphatldyicholftie, 
phosphatidyiettianolarrnne. phosphatldylserine, phosphatidylinositol, pho^hatidic 
add. and sphingomyelin, where the two hydrocaribon chains are typically betiween 
about 14-22 carbon atorns in length, and have vaiying degrees of unsaturation. 
These lipids can be obtained commereiaily or prepared according to published 
methods. 

[0043] In addition to the veside-forming lipki component, the lipid vesides of 
the present invention can indude other lipid components capable of being siably 
Incorporated into lipid bilayers, with their hydrophobic moieties in contad with the 
interior, hydrophobic region of the bilayer menjbrane, and their polar head groups 
oriented toward the exterior, polar surface of the membrane. For example, 
glyoollpids, ceramldes and sterols, such as cholesterol, coprostanol, cholestanol 
and cholestane, long chain fetly adds (Cie to C22). such as stearic add, can be 
incorporated into the lipid bilayer. Other lipid components that may be used 
indude fatty amines, fatty aq^lated proteins, fatty aq^lated peptides, oils, fetly 
alcohols, glyceride e^ers, petroiafeim and waxes. It will also be appreciated that a 
sidn penneation enhancer can be induded in the lipid veside lipid components, as 
wiW be further discussed below. 

10044] TTie oli-ln^ater emulsion Is prepared by dissolving a surfactant in water 
or in oil, depending on the hydrophlllc-lipophiiic balance (HLB) of the surfactant In 
a prefened embodiment, the surfactant is mixed with distilled water and added to 
an on phase for fomiation of an emulsion. The emulsion can be fonned using 
agitation such as homogeniaation or emulsificatlon. or can be formed by micro- 
emuision techniques which do not involve agitation. The resulting emulsion 
preferably has water as the continuous phase and on as the dispersed phase. 
(004q The oB-in^rater emulsion is stable by virtue of the oil droplets in the 
dispersed phase being surrounded by the surfactant That is, the hydrophflic 

7 



wo 03/026688 PCT/CA02/0J446 

portion of each suifactant motecule extends into the aqueous phase of the 
emulsion and the hydrophobic portion is in contact mih the lipophilic droplet Lipid 
vesicles are fonmed by trending the oiMn-virater emulsion with vesicle-fbimlng 
lipids. If the emulsion Is not surfactant-stabilized prior to contact with the veside- 
fomilng lipids, the veside-fonning lipids may act to first stabilize the emulsion 
rather than fonn lipid bilayars around the oH-in-water emulsion. 
[0046] Surfactants suKable fbr tbmnation of the oll-4n-water emulsion are 
numerous, Induding both cationic, anionic and nonionic or amphoteric surfactants. 
In one embodiment, the preferred surfiactant Is a cationlc surfactant, sudi as 
linoleamidopropyl propylene glycol-dimonium chloride phosphate, oocamidopropyl 
propylene giycol-dimonium chloride phosphate and steararnido propylene glycol- 
dimonium chloride phosphate. These are synthetic phospholipid complexes 
oommerdally available from Mowa Industries, Inc (Patterson, NJ) sold under the 
iradenames Phospholipid EFA*™ Phospholipid SV^ and Phospholipid SVC™, 
respectively. Another prefen^d veside-fomning lipid for use as the primary lipid 
component of the biphasic lipid veside bilayars is hydrogenated 
phosphatidylcholine. 

[0047] Exemplary anionic surfactants indude acylglutamates, such as 
triethanolamlne-cocoyi glutamate, sodium lauroyl glutamate, sodium hydrogenated 
tallow glutamate and sodium cocoyl glutamate. 

[0048] Exemplary nonionic surfactants indude naturally derived emulsifiers, 
such as polyefriyleneglycol-60 almond glycerides, avocado oil dietiianoiamine, 
ethoxylated iojoba oil (poIyethyIeneglycol-40 Jojoba acid and poIyethyleneglycoMO 
jojoba alcohol); poiyoxyethylene derivatives, such as polyoxyettiylene-20 sorialtan 
monooleate and poiyoxythetiiylene-20 sorbitan monostearate; lanolin derivative, 
such as polychol 20 (U\NETH 20) and polychol 40 (UUMETH 40); and neutral 
phospiiate esters, such as polypropylenegiycol-cetyi etiier phosphate and 
diethanolamine oieth-3 phosphate. 

[0049] The oil dn^plets in the dispersed oil phase preferably have sizes of less 
than about 1 jjim, more preferably less than about 0.5 |im, in diameter. The 
dmplet size, of cour^, is readily adjusted by mbdng conditions, e.g., shear and 
timeofmi)dng, etc. 

[0050] It will be appreciated tiiat other components can be added to the oil-in- 
water emulsion, that is, the oO-in-water emulsion need not t>e of oil. sur^ctant and 
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water atone. For example, the emulsion can include antimicrobial agents, such as 
methylpaiaben. propylparaben, and enhandng Ingredients such as waxes. fsiOy 
alcohols, fatty add esters, glyoetyl stearate. petrolatum, plant oils and extiacis, 
and combinations thmoF. Specific preferrsd examples inc^da beesvrax, ol^e oil. 
giyceiyl stearate. cetyl alcohol, steaiyl alcohol, niyristyl myrlstate, and ce^ 
paimitate, stearyl heptanoaie.and staaryl palndtats. Exemplary Ibmiulaiions 
suitable for use in the piesent invention are described below in Examples 1 and 3. 
[0051] The stabilized on-&MMater emulsion is mixed with the solubllized veside- 
fonning lipid and. If added, other lipid components. e.g., diolesteroi. The emulsion 
and the lipid components are mixed under conditions effective to form 
multilameilar veddes having in the central compartment the olHn-water emulsion. 
I0OS2I The steeofthevesldes is typically between about 0.1-100 )im. For use 
in the present invention, a lipid veside size of between about 0.5-25 ^m Is 
prefened. which can be most readily obtained by adjusting the mixing conditions. 
[0053] The composition of lipid vesteles fomted In accordance vnth the 
invention have a condstency dndlar to a crsam without lurther addition of 
thiclwning or gelling agents. The consistency Is readily adjustable according to 
the desired mode of administration. For example, for subcutaneous adminlstiBtion 
or intravenous administration, a thinner consistency may be desired than that used 
for topical administration. The consistency for Infefanasai and Inhalatfon 
administration can also be adjusted accordingly. 

[0054] The population of vesides formed according to the ted)nk{ue described 
in Example 1 has a uniform size distribution and homogeneous composition. The 
vesides are physically stable, that Is. littie aggregation or fusion of vesicles is 
evident after storage for a four year perfod. 

B. CpG OligonudeoHde Adjuvant 
[00551 As noted above, in one embodimait, tiie composition indudes an 
oligonudeotide having at least one cytosine-guanine dinucleotide (CpG). As will be 
described betow, studies performed in support of the invention show tiiat tiie immune 
response achieved by administration of an immunogen 'm combination witfi a 
biphasic Bpld veside composition can be forttier enhanced by induding a CpG 
oligonucleotide in the biphasic lipid veside - immunogen composition. 
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[0056] DNA motifs consisting of an unmetliylated CpG dinudeotide flanked by 
two 5* purines and two 3* pyrimidines stimulate an Innate immune response 
characterized by the production of IgM, IFNy» IL-6, IL-12, (L-18, and TNFa 
(Klinman ef aA, Kreig et el.). These sequence motifs are 20 times more common 
in microbial than mammalian DNA due to differences In the frequency of utilization 
and the methylation pattern of CpG dinucieotides in prokaryotes versus 
eukaryotes. 

[0057] In a prefenBd embodiment the Immunostimulatory CpG nudeic add 
contains a consensus mitogenic CpG motif represented by the formula: 

S'XiCGXaS' 

where Xi and Xz are nudeotides. In a prefen^ed embodiment, C and/or G is 
unmethylated. In another embodiment Xi is selected from A, G, and T and Xa is C 
or T. More generally, the CpG oligonudeotide is of the form: 

NnXiCGXgNm 

where Xi, Xz, and N, are nucleotides, and n and m individually range from 0 to 
about 100. Thus, the CpG nudeic add Is preferably a nudeic add sequence 
having between about 2-250 base pairs, and in a more preferred embodiment is a 
oligonudeotide having at least 4 base pairs. A preferred range for ^e CpG 
oligonudeotide is between about 4-100 base pairs, and more preferably between 
about 840 nudeotides. 

[0058] In studies performed in support of the invention, the CpG oligonucIeotiSe 
identified herein as SEQ ID NO:1 (TCCATGACGTTCCTGACGTT) was used as 
part of a composition comprised of biphasic lipid vesldes and an antigen. As will 
be shown, the CpG oligonudeotide and ttie vesicles act syneigistlcally to adileve 
an enhanced immune response, relative to the response achieved when vesldes 
alone or ttie oligonudeotide alone are administered. It wDI be appredated that a 
variety of CpG oligonudeotides are suitable for use. For example, oligonudeotide 
sequences of any length comprising one or more of the following sequences are 
exemplary: TCAACGTT (SEQ ID N0:2), GACGTT (SEQ ID NO:3), AGCGTT (SEQ 
ID NO:4). AACGCT (SEQ ID N0:5), or AAC6AT (SEQ ID N0:6), wherein C and G 
are unmafli^ated. In another embodiment, a T nudeotide adjacent to any one of 
these sequences is contemplated, where the T is added on tiie 5' end to yield, for 
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example, TTCAACGTT (SEQ ID N0:7), TGACGTT (SEQ ID N0:8), TAGCGTT 

(SEQ ID N0:9), TAACGCT (SEQ ID NO:10), and TAACGAT (SEQ ID Nttl 1). 

Other suitable sequences are described in the art (see, for example, U.S. Patotl 

Nos. 6,214.806; 6,207,646; 6,239,116; 6,218,371). 

[0059] It will also be appreciated that the CpG ollgonudeotide can have a 

phosphate baddwne modfficatibn, such as a phosfriiorothioate backbone 

modification. 

C. Antigen 

10060] In general, a vm'de variety of immunogens are suitable for use In the 
present Invention. The following list of antigens is provided by means of 
illustration and is not meant to be exclusive: influenza viws antigens (such as 
haemagglutinin and neuraminidase antigens), Bonlete/la pertussis ant^ens (such 
as pertussis toxin, filamentous haemagglutinin. pertactin), human pafdOoma vims 
(HPV) antigens, He/Zcobacterpyforf antigens, rabies antigens, ticlc-bome 
encephalitis (TBE) antigens, menlngoccal antigens (sudi as capsular 
polysaccharides of serogroup A, B, C, Y and W-135), tetanus antigens (such as 
tetanus toxoid), diphtheria antigens (such as diphtheria toxoid), pneumococcal 
antigens (surfi as Stmptococcus pneumoniae type 3 capsular polysaccharide), 
tuberculosis antigens, hunran immunodeficiency vims (HIV) antigens (such as GP- 
120, GP-160), cholera antigens (such as cholera toxin B subunit). staphylococcal 
antigen (such as staphylococcal enterotoxin B). shigella antigens (such as shigella 
polysaccharides), vesicular stomatitis virus antigen (such as vesicular stomatitis 
vims glycoprotein), cytomegalovims (CIWV) antigens, hepatitis antigens (such as 
hepatitis A (HAV). B (HBV). C (HCV), D (HDV) and G (HGV) vims antigens, 
respiratory syncytial vims (RSV) antigens, herpes simplex antigens, or 
combinations thereof (e.g.. combinations of diphtheria, pertussis and tetanus 
(DPT)). Suitable antigens also Include those delivered for Induction of tolerance, 
such as retinal antigens. Antigens for ImmunizationA/acclnation against anthrax 
and Yersinia pes^ are also contemplated. 

IPOBI J Prefeired antigens include BordeteHa pertussis antigens, meningococcal 
antigens, tetanus antigens, diphtheria antigens, pneumococcal antigena, 
tuberculosis antigens, and RSV antigens. In another preferred embodiment, the 
entrapped Immunogen has a mdecutar weight of between about 100-100,000,000 
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daKons, mora preferably 100-600,000 dalfons, and most preferably lOO-IOOiOOO 
daltons. 

IP0621 In studies performed in support of the present invention, an antigen 
isolate lifom the outer membrane of Adinobacillus pleumpneumonlae (OmIA) was 
used as a model antigen, as will be described below. 

111. Administration of Exemplary Composfttons 

[0063] In studies peWbmned In support of the invention, the ability of biphaste lipid 
vesides to enhance ttie immune response to an antigen referred to herein as "OmIA" 
was evaluated. OmIA is an antigen isolated from the outer membrane of lipoprotein 
A in AcOnqbaciilus pleumpneumoniae. The ability of the composition to confer 
protection to a challenge with A. pleuropnaumoniae was also evaluated. The 
study also evaluated the effect of administenng a CpG oligionucleatide in 
combination with the biphasic lipid vesicles. 

[0064] As described in Example 2, biphasic lipid vesicles composed of 
Tomiulation No. T (see Example 1) were prepared. The vesicles admixed with 
OmIA were administered subcutaneousiy to pigs two times at a three-week 
interval. Some pigs also received, admixed with the vesicles and the OmIA, a 
CpG oligonudeotide (SEQ ID N0:1). As controls, a group of p^s received the 
OmIA antigen in combination with lipid vesicles and an oligonucleotide sequence 
similar to SEQ ID N0:1 but containing no CpG motifs. This control sequence is 
referred to herein as SEQ ID NO:1 2 and has the sequence 
TCCAGGAGTTCTCTCAGGTT. The test groups and fbrmulatioris are summarized 
in Table 1. 



Table 1. FonmulaHons used in Experiment 1. 



Group 1-1 
(contrai) 


Group 1-2 


Group 1-3 


Group 1«4 
(control) 


0.5 mi saline 


0.5 ml biphasic lipid 

vesides 


0.5 ml biphasic lipid 
vesicles 


0.5 ml biphasic lipid 
vesicles 




OmiA^ SO m 


OmIA 50 |ig 


OmIA 50 M 




1 ' At k , 


GpQoljgo(SEQID 
N0:1) 1 mg 


Non-CpG oligo 
(SEQ ID N0:12)1 
mg 



'OmIA a antigen Isolated from the outer mambrane of lipoprotein A in AcUnobst^us 
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E006SI Ten days after the second immunizationt OmtA«specific IgG was 
detennined In the serum and the pigs were challenged with A pleun^neunjoniae 
by inhalation. Five days after the challenge, clinical scores were takm, a 
quantification of bacterial isolaOon was done, and a postmortem examination was 
perfbnned. The results are shown in Rgs. 1A*1B and Table 2. 
[0066] Fig. 1 A Is a bar graph showing the anti-OmlA IgG senim titre in the 
animals in each test gioup. Pigs immunized with OmIA admixed with btphasic lipid 
vesicles (Group 1-2) had an enhanced immune response when compared to pigs 
treated vM\ saline alone (Group 1-1). Addita'on of a CpG oligonudeotide to Ihe 
vesicie^antigen compositidn achieved a further stimutetion of immune response, as 
evidenced by comr^ring the results for Group 1-3 and Group 1-2. That is, animals 
treated with biphasic lipid vesicles plus a CpG oligonudeotide (Group 1-3) had a 
significantly higher OmIA-speciflc IgG titer than did the animals treated with 
biphasic lipid vesicles alone (Group 1-2) or than animals immunized with the 
control composition of a non-CpG oligonudeotide and vesides (Group 1-4). 
[0067] As noted above, ten days after the second Immunization, all animals 
were exposed to a challenge of A. pleuropneumoniao by inhalation in a chamber. 
The severity of lung lesions was recorded at autopsy five days post-challenge or, 
in pigs with severe infection, the examination and bacterial isolation were done at 
the time of euthanasia. The results are shown in Rg. IB. 
[Q068) Rg. 1 B shows the lung pathology score for each animal in each test 
group, , where the proportion of lung with pneumonic lesions was determined as 
the portion of dorsal and ventral surfaces of the lungs with gross lesions. Group 1- 
1 is represented by the dosed squares. Group 1-2 by the closed triangles, Group 
1-3 by the inverted closed triangles, and Group 1-4 by the closed diamonds. Each 
point in the Rgure represents one animal. As seen, the animals in Group 1-3 
Immunized with OmIA in the presence of biphasic lipid vesides and the CpG 
oligonudeotide showed fewer lung lesions (as evidenced by the lowest average 
lung pathology dinical score). The solid line in the Group 1-3 data points 
reprssents the average score for the test animals in the group, 
tooes] Bacteria counts were also detenmined in the lungs and lymph nodes of 
the animals in each test group. Table 2 summarizes the A pleumpneumonlae 
isolated from lung lesions or lymph nodes in the dialienged p^, wiiere a 
symbol represents no obsen/ed bacterial isolates and the and 
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symbols oomaspond to a prograssively greater number of observed isolates. 



Table 2 



Group 1-1 


Group 1-2 


Group 1<*3 


Group 1-4 


Plg#. 




Lung 


Pig« 




Lung 


Plg# 




Lung 


Pig# 




Lung 


21 


++ 


+++ 


29 


+ 


+ 


37 


++ 




45 


++ 




22 


+ 


+ 


30 


+ 




38 


++ 


+ 


46 


+ 




23 


++ 




31 




■f 


39 


+ 




47 






24 


+ 




32 






40 


+ 




48 


+ 




25 






33 


+ 




41 


+ 




49 


++ 




26 


++ 


+++ 


34 


+ 


+++ 


42 


+ 


++ 


50 


++ 


+++ 


27 






35 




+++' 


43 


+ 




51 


+ 


+++ 


28 




+++ 


36 






44 


++ 


++ 


52 


++ 


++ 



[0070] As seen in Table 2, pigs imnnunlzed vWth OmIA In the presence of 
biphasic lipid vesicles and a CpG oligonuclotide (Group 1-3) showed fewer 
bacteria isolated from the lungs and lymph nodes when compared to pigs 
Immunized with lipid vesicles alone (Group 1-2) or Rpid vesides plus the coritrol 
non-CpG ol^onucieotide (Group 1-4). 

[0071] This study demonstrated that immunization of animals with a biphasic 
lipid vesicle formulation alone achieved an immune response. That immune 
response was further enhanced by additionally administering a CpG 
oligonucleotide. The study also showed that more animals in the group treats 
with both lipid vesicles and a CpG oligonucleotide were protected against Infection 
to a greater extent than animals immunized vWth a biphasic lipid vesicle fonmilation 
in the absence of a CpG oligonucleotide or with a biphasic lipid vesicle formulation 
and a non-OpG oligonudeotide. 

[0072] In another study perfonned In support of the invention, the ability of the 
biphasic lipid veside formulation to enhance the adjuvant activity of CpG 
oligonudeotides was evaluated. In addition, tiie enhancement of immune 
response achieved by the biphasic lipid veside fonmuiation was compared to tiiat 
offered by a mineral-oil based adjuvant 

[0073] In this study, the experimental pmcedures described for the study above 
(and set forth In Example 2) were followed. The four groups of test animals (pigs, 
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Group 2-1 : Contiol. 0.5 ml phosphate buffered saline: 

Group 2-2: 0.5 ml phosphate buffered saline; 50 pg OmIA; and 1 mg CpG 
oligonudeoticfe SEQ ID N0:1 ; 

Group 2-3: 0.5 ml biphasicfipid vesicles (fomiulation no. 1); 50 pg OmIA; 
and 1 mg CpG oligonudeotlds SEQ ID N0:1; and 

Group 2-4: 0.5 ml mineral oil-based oommerdal adjuvant and SO ug 
OmIA. 

[007^ All animals were immunized subcutaneously two times at a three weeic 
interval. As in the previous study, ten days after the second immunization, the 
OmIA-specific IgG was detennined in the senim by the ELISA Ksay set forth in 
Exanq>ie 2. The results are shown in Fig. 2. 

[0079 Fig. 2 Is a bargraph showing the anti-OmlA IgG in serum fior each of the 
test groups. As seen by comparing the response of Group 2-2 with that of Groups 
2-3, the biphasic lipid vesicle Ibmiulation enhanced the adjuvant activity of CpG 
oligonucleotide. The responses induced by the tMphasic lipid vesicle plus CpG 
oiigonudeotide fbnnuiatlon were comparable to ttie response induced by 
commercial mineral-based adjuvant However, histological assessment of the site 
of injedion showed that administration of the biphasic lipid vesides and CpG 
oligonucleotide induced no or mild inflammation. In contrast to the severe 
InflammaUon caused by ttie commerdal adjuvant (as evidenced by Infiltratton of 
mononuclear cells and necrosis at the Immunization sits, data now shown). 
10076] Example 3 describes another study perfonned in support of the present 
Invention where a mouse model was used to show the enhanced immune 
response achieved when biphasic lipid vesicles are administered in combination 
with a CpG oligonucleotide. In this study, two different biphasic lipid veside 
tbmiulations were evaluated and the composition of each Is described in Table 3 
of Examples. 

[0077] Mice were randomized into six test groups and Immunized subcutaneous 
(SO) or intranasaBy (IN) with the viral antigen glycoprotein D ("gD antigen") of 
herpes simplex viras type 1 (HSV-1) as follows: 
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Group SQ 3-1: Control, "gD" antigen alone in saline; 

Group SQ 3-2: biphasic lipid vesicles (tbnmulation no. 1), CpG 

oligonudeotide (SEQ ID N0:1); and antigen "gD"; 

Group SQ 3-3: biphasic lipid vesicles (Ibrmulafion no. 2), CpG 

oligonucleotide (SEQ ID N0:1); and antigen "gD"; 

Group IN 3-4: Control. "gD* antigen alone in saline; 

Group IN 3^: biphasic lipid vesicles (formulation no. 1), CpG 

oligonucleotide (SEQ ID N0:1); and antigen "gD^ 

Group IN 3-6: biphasic lipid vesides (fbrmulation no. 2), CpG 

oligonudeotide (SEQ ID N0:1); and antigen "gD"; 

pM78] . Animals were reimmunlzed by the same route as Initiaiiy bnmunlzed two 
weeks later. Ten days after this booster, senim was oollected. The ant^D IgG In 
the senjm was determined and the results are shown In Fig. 3. 
[0078] F^. 3 is a bar graph shovinng the antngD IgG seaim litre Ibr the six test 
groups. The ntice immunized with the biphasic lipid veslde fnrmulatlonjS In 
combination with the CpG oligonudeotide had an enhanced immune response. In 
particular, mice immunize) with the lipid veslde fonmilatlon no. 2 (Groups SQ 3-3 
and IN 3-6) had a significantly enhanced Immune response compared to the mice 
tTBated with ihe antigen alone (Groups SQ 3*1 and IN 3-4). 
[0080] In yet another study described In Example 4, mice were immunized 
subcutaneously with the bacterial antigen Gap C of SUvptococcus uberis (herein 
"Gap C antigen"). Mice were randomized Into four treatment groups for 
immunization as follows: . - 



Group 4-1 : Control, nalVe mice; 

Group 4-2: Gap C antigen plus CpG oligonudeotide (SEQ ID N0:1); 

Group 4-3: Gap C antigen plus CpG oligonucleotide (SEQ ID NO:1 ) plus 
biphasic lipid vesicles (fbnnuiation no. 1); 

Group 4-4: Gap C antigen plus CpG oligonudeotide (SEQ ID N0:1) plus 
biphasic lipid vesides (fbrmulation no. 2). 

IP081] Animals were reimmunlzed two weeKs later. Ten days afler this booster, 
serum was ooBeded. The anti-Gap C IgG in the senim was detemnbfied and the 
results are shown in Fig. 4. 
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[00821 Rg. 4 18 a bar graph showing the anti-Gap C IgG serum trbe in each of the 
test groups. As seen, the mice immunized with Gap 0 in the presence of both 
biphasic lipid v«icles and a CpG oligonucleotide (Group 4-3 and Group 4-4) had 
an enhanced immune response when compared to animals immunized vrith Gap C 
and a CpG oligonucleotide alone (Group 4-2). 

[0083] These studies show that a CpG oligonucleotide associated with a 
biphasic lipid vesicle composition gh^ a synerglstlcaily enhanced Immune 
response. Enhanced immune response were observed when immunization was 
by the inlranasal route or the subcutaneous route. 

IV. Methods and Products for AdminlstraBon 

[00841 In another aspect, the invention includes a method of enhancing the 
immune response elicited by an immunogen by administering a biphasic lipid vesicle 
composifon in combination with a CpG oligonucleotide. The lipid veside and 
oligonucleotide and antigen components can be admixed together to form a mixture 
of the three, or one or both of ttie antigen and the otigonudeotlde can be entrapped 
in the lipid vesides- Entrapping either the oiigonudeotlde or the antigen in the 
vesides is readily done by those of skiii in the art, typically by mixing the component 
with eitherthe lipid phase orwifiithe oil or water phase of the emulsion prior to 
veside fomiation. 

[008^ It will be appredated that the method contempteites administration by any 
suitable route, induding but not limfted to subcutaneous, intravenous. Intramuscular, 
topical, intranasal, inhalation, mucosal (buccal, vaginal) and the like. 
[00861 In another aspect, the invention indudes a kit for preparing a composition 
for immunization of a subject in one embodiment, the Idt indudes Q) a biphasic lipid 
veside component; (ii) an immunogen component and (iii) an oligonucleotide 
component, the oiigonudeotlde having at least one cytosine-guanine (CpG) 
dinudeotlde, e.g, a CpG oiigonudeotlde. The three components are admixed to 
fonn a composition suitable for administration to a subject by any desirable route. 
The compositfon Is capable of eliciting an immune response to the immunogen. 
(00871 In another embodiment the kit is comprised of (i) a biphasic lipid 
veside^ntrapped immunogen component and (ii) a CpG oligonudeotide 
component. The two components are admixed to fom a composifion etfective to 
elicit an immune response. 
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[0088] In another embodiment, the kit is comprised of (0 a biphasic lipid 
veside-entrapped CpG oligonudeotlde; and (li) an Immunogen component The 
two components are admixed to fbmi a composition that upon adnrdnistration Is 
effective to elicit an immune response. 

V. Examples 

fpOBSi The Ibiiowing examples fiirflier Oustrate the invention described herein 
and are In no way intended to limit the scope of the invention. 

Example 1 
Preparation of Biphasic Lipid Vesicles 

A. Preparation of Lipid Components 

[0090) Lipid components, hydrogenated phosphatidylcholine (PhosphoHpon 
gOH^, Natiennan GmbH, Germany) ami cholesterol, were mb^ in the amounts 
shown in Table 2 with propylene glycol and mixed with warming to between about 
65-75 **C. 

B. Preparation of oll-IrHvater emulsion 

[0091] An oii-in^ater emulsion was prepared by mixing the surfectant TWEEN 
8™ with methylparaben and propylparaben, in the amounts shown in Table 4, in 
distilled water. 

10092] In a separate container, the lipophilic components, canola oil and 
Poloxamer 407™, were blended together. 

[P093] The water phase and the oil phase were mbced together In a high 
pressure homogenEzer (H-5000 Laboratories Homogenizer MIcrofluidic Corp.). 
Visually, the emulsbn is a milky soiution having the consistency of water. 

C. Biphasic Lipid Veside Fonnatlon 

[0094] The lipid components and the dl-in-water emulsion were mbced together 
by vortexing or propeller rruxing at 50-300 rpm. This Ibmiulation is referred to 
herein as "Formulation No. r. 
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Table 4; CpmposHton of "Formulation No, 1" 







Hydrogenated phosphatidyldioline 


2 1 


Cholesterol 




Propylene giycol 


2 


TWeen 80™ 


0.1 


Melhylpardben 


0.15 


Propylparabeh 


0.05 


Canola oO 


1 


1 Poloxainer 407™ 


1 


fDisiaied water 


q.s.to100 



Example 2 

In vivo Admlnlsfaation of lipid Vesfcle-CpG Composition 
[009^ Lipid vesicles were prepared as described In Exannple 1 . 
[0096] An antigen isolated from tiie outer membrane of lipoprotein A of 
AcUnobadllus plwmpmunwmiae (designated herein "OmlA") was selected as a 
model antigen. 

[0097] CpG oligonudeotide identified herein as SEQ ID N0:1 was used as a 
model CpG oligonucleotide. A sequence of the same length and identical but for 
two nucleotide substitutions to destroy the CpG motif was used as a control 
sequence to control for any effect due to the nudeic acid, and this sequence Is 
identified herein as SEQ ID NO:12. Both oligionucleotides had a phosphoroihioate 
backbone modification to increase resistance to nuclease degradation. 
P09Q] Four-week old male and female pigs were obtained tram a herd free of 
Actinobac^lus pleumpneumoniae. Thirty-two pigs were randomized into four test 
groups (n=8). AH the animals received two immunizations 21 days apart as 
follows: 

Group 1-1 : Control, 0.5 ml phosphate bufTered saline; 

Group 1-2: 0.5 ml biphasic lipid vesicles (formutatkm no. 1) and 50 ug 
OmlA: 

Group 1-3: 0.5 ml biphasic lipid vesicles (fomiulaflon no. 1); 50 fig OmlA; 
and 1 mg CpG oligonucleotide (SEQ ID N0:1); and 
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Group 1-4: 0.5 ml biphasic lipid vesicles (formulation no. 1); 50 OmIA; 
and 1 mg non-CpG oligonucleotide (SEQ ID N0:12), 

[0099] These test groups and the administered composition are summarized in 
Table 1 above. \ 

[0100] Ten days after the last Immunizafion semm samples were taken to 
evaluate the induction of antigen^pedfic humor immune response, by analyzing 
for OmlA-spedfic IgG levels in the serum. QmlA-specific senim antibodies were 
determined by ELISA as pieviousiy described (Gertach G.F. et al, InfBcL Immun., 
61:565-72 (1993)). Briefly, ninety^ well plates (Immulon 2; Dynatech 
laboratories Inc., Alexandria, VA) were coated with OmIA (1 fig/ml) in a 
carbonate-blcaibonate buffer (pH 9.6). Plates were incubated overnight at 4<'C 
and then washed 4 times in PBS containing 0.05% Tween™ (PBS-T). Four-lbld 
dilutions of sera were prepared In PBS-T (containing 0.5% gelatin) and dispensed 
in 100 |il volumes. Aiteline phosphatase goat anti-pordne lg6(H-^L) conjugate 
(KPL, Gaithersburg, MD) was used as the detecting antibody. MI& incubafon for 
one hour and four subsequent washes, Di(T ris) p-nitrophenyl phosphate (Sigma, 
Oaky^ile, ON) was used as the chromogenio substrate. The absorbance was read 
after 15-20 minutes at 405 nm (BIO-RAD, Richmond, CA). Titres are expressed 
as the reciprocal of the highest dilution wHh an 0.D of three standard deviations 
atiove the n^ative control and are shown in Hg. 1 A. 

A. AdBnobadlius pleuropneum(^iae Challenge 

■ 7 

[0101] Ten days after the last Immunization and after the semm samples wers 
drawn (see above) the pigs were challenged by exposure to an aerosol generated 
from a suspension of 1.5 x 10^ CFU/mL of App serotype 1 (WSIson PJ. e( a/.. 
Cancer J. Vet Res., 65206-12 (2001); Geriach G.F. etal. Infect Immun., 61:56&« 
72 (1993)). Briefly, an aerosol of bacteria was generated vMi a Devilbis 65 
nebulizer into a Plexiglass and steel chamber where pigs were allowed to breathe 
the mist for ten minutes (Osborne, A.D., et aL, Cancer J. Comp. Med.. ^AZ^ 
(1985)). A veterinarian and an animal health technician daily evaluated clinical 
signs of disease In all pfgs. The following ordinal scoring system was used: 
clinically nonnal (0); slight increase in respiratory rate and effort with slight 
depression (1); marlced Increase in respiratory rate and effort with marlced 
depression (2); severe incrsase in respiratory rate and effort with severe 
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depression, mouth breathing and/or c^osis (3). Pigs with a dinfcai score of 3 
were humanely Idlied. On day five after challenge all remaining pigs were 
humanely killed, and examined postmortem. The proportion of lung with 
pneumonic lesions was detenmined as the portion of dorsal and ventral surfaces of 
the lungs with gross lesions of pn^monia. The results are shown in Rg. 1B. 

Examples 

Immunteatlon With Gjycopiotein P of herpes simplex virne type 1 

A. UpM Vesicle Preparation 
[(HOg Upid vesicles were prepared as described in Example 1 the following 
changes to the Ibnnulation, to result in a fbnnulatlon refened to herein as 
Tomiulatfon No, 2". 

[0103] The oil-in-water emulsion was prepared by mixing the suriiactant 
Ilnoleamidopropyl propylene glycoI*dimonium chloride phosphate (Phospholipid 
EFA™, Mona Industries Inc., Patterson, NJ), methylparaben and propylparaben, in 
the amounts shown in Table 1 , in distilled water. 
[0104] In a separate container, the lipophilic components Mygliol 81 ON 
(caprylic/capric triglyceride) and glycerol monostearate were blended together. 
IP105I The components and amounts of Fomnulation No. 2 are shown in Table 
5. 



Table 5: Composition of "Formulation No. 2" 







Mydrogenafed phosphatidylchonne 


2 


Cholesterol 




PropyleraglyGol 


2 


Phosphoflpfd ERA™ 


2 


Methyfparaben 


0.15 


Propylparaben 


0.05 


Mytfld BiON™ 


1 


Glycerol monosteareta 


1 


DistBled water 


qstolOO 
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6. OKgonudeotides 

[0106] The CpG oligonucleotide identified herein as SEQ ID NO:1 and the non- 
CpG oligonucleotides identified herein as SEQ ID N0:12 were used at 10 per 
subcutaneous immunization and 1 |ig per mucosal imniuntzation. Both these 
oligonucleotides oontein a nuclease resistant phosphorothioate i3ackt)one. 

C. Antigen and Antigen Delivery System 

[01071 Viral antigen gly<»prDtein D "gD" of herpes simplex virus type 1 (HSV-I) 
in endotoxin-^ee saline was mixed with the biphasic lipid fionmulation no. 2 at a 
ratio of 1 (^rt antigen to 9 parts lipid veside formulation. 

D. In vivo Immunization 

p)108] Six week-old female BALB/c mice were used for tiie study, wKh five 
mice in each group. Hie mice were Immunized by the intranasal or subcutaneous 
n^ute with 0.5 ^ of viral antigen glycoprotein D *'gD'* of herpes simplex vims type 1 
(l-ISV-1 ) in a volume of 100 fiL The formulation test groups were as fDllows: 

Group SQ 3-1 : Control, *'gD" antigen in saline 

Group SQ 3-2: biphasic lipid vesicles (formulation no. 1), CpG 

oligonucleotide (SEQ ID N0:1, 10|ig); and antigen "gD" (0.5 

Group SQ 3-3: ; biphasic lipid vesicles (formulation no. 2). CpG 

ollgpnucleotide (SEQ ID N0:1 , ID hq)\ and antigen "gD? (0.5 

va) 

Group IN 3-4: Control, "gD" antigen (0.5 mg) alone in saline 

Group IN 3-5: biphasic lipid vesicles (formulation no* 1 ), CpG 

oligonucleotide(SEQ ID NO:1, 1 |jig); and antigen *'gD" (0.5 

Group IN 3-6: biphasic lipid vesicles (fonnulation no. 2), CpG 

oligonucleotide(SEQ ID N0:1, 1 pg); and antigen *'gD" (0.5 
V9) 

[0109] Animals were re-Immunized two weeks later and senim was collected 
10 days after the boost Results are shown in Fig. 3 and represent ttie mean titre 
of five mice per group, where the bar indicates the S&A. 
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Example 4 

Immunization With Bacterial Antfaen Gap C of Streptococcus ubmis 
[0110] Mice were immunized suboutaneously with the bacterial antigen Gap C 
of SUBptocoGGUS uberis (herein "Gap C antigen*^! similar to the procedures 
described above in Example 3. Mice were randomized into four treatment groups 
for immunh^atlon as follows: 

Group 4-1 : Control, naive mice; 

Group 4-2: Gap C antigen (10 |ig} plus CpG oligonucleotide (SEQ ID 
NO:1,10ng); 

Group 4-3: Gap C antigen (10 fig) plus CpG oligonucleotide (SEQ ID 
N0:1, 10 pg) plus biphaslc lipid vesicles (fonnulation no. 1^ 

Group 4-4: Gap C antigen (1 0 {ig) plus CpG oligonucleotide (SEQ ID 
NO:1, 10 |ig) plus biphasic lipid vesicles (fonnulation no* 2). 

[0111] Animals were re-Immunized two weeks later and semm was collected 
10 days after the boost Results are shown in Fig. 4 as the mean titre of five mice 
per group, where the bar indicates the SEM. 

[0112] Although the invention has been described with respect to particular 
embodiments, it will be apparent to those skilled in the art that various changes 
and modifications can be made witiiout departing ftom the invention. 
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1 . A composition for eliciting In a subject an Immune response to an 
immunogen, comprising 

a suspension of biphasic lipid vesicles having a central core compartment 
containing an oiHn-water emulsion, and 

associated with the vesicles, an immunogen. 

2. The composition of claim 1 . wherein said Immunogen Is admixed with 
the vesicles. 

3. The composition of claim 1, wherwi said immunogen is entrapped in the 
vesicles. 

4. The composition according to any one of daims 1-^ further comprising a 
nucleic add sequence having at least one cytosine-guanine (Cp6) dinucleotide. 

5. The composition of claim 4, wherein cytosine and guanine in the 
cytosine-guanine (CpG) dinudeotide are unmethylated. 

6. The composition of dalm 4, wherein said sequence contains a sequence 
selected from the sequences Identified herein as SEQ ID NO:1, SEQ ID NO:2, 
SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID 
N0:8, SEQ ID NOrQ, SEQ ID NO:10, and SEQ ID N0:11. 

7. The composition according to any one of daims 4*6 wherein the nudeic 
acid sequence comprises between about 4 to 100 nucleotides. 

8. The composition according to any one of daims 4-7, wherein the 
sequence has a phosphate backbone modification. 

9. The composition of daim 8, wherein the phosphate backbone 
modification is a phosphorothioate backbone modification. 
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10. A compostb'on for eliciiing in a subject an immune rssponsa to an 
immunogen, comprising 

a suspension of b^hasic lipid vesides having a central core compartment 
containing an olMn^water emulsion, and 

associated with the vesides, (1) an immunogen and (IQ an oligonucleotide 
having at least one (^toslne^uanine (CpG) dinudeotlde. 

1 1 . The composition of daim 10. wherein said immunogen and said CpG 
oli^nudeotide are adnw»d with said vesides. 

12. The compositbn of dalm 10, wherein said immunogen is entrapped in 
the vesides. 

13. The composition of daim 10. wherein said CpG digonudeotide Is 
entrapped in the vesides. 

14. The composition of dalm 10, wherein said immunogen and said CpG 
oligonucleotide are entrapped in the vesides. 

15. The composition of daim 10, wherein the immunogen is seleded from 
the group consisting of antigens derived from bacterial, viral, parasitic, plant and 
fungal origin. 

16. The composition of dalm 10. wherein the oligonudeotide sequence 
comprises 4 to 100 nudeotides. 

17. The composition of dalm 10, wherein said CpG oligonudeotide 
comprises a sequence selected from the-group consisting of sequences identified 
herein as 8EQ ID N0:1, SEQ ID N0:2, SEQ ID N0:3, SEQ ID N0:4. SEQ ID 
N0;6, SEQ ID N0:6, SEQ ID NO:7, SEQ ID N0:8, SEQ ID N0:9, SEQ ID NO:10, 
and8EQIDN0:11. 

18. The composition according to daim 10, wherein the oligonudeotide has 
a phosphate bacidione modification. 
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19. The composition of daim 10 wherein the phosphate bacidbone 
modification is a phosphorothioate badcbone modification. 



20. A kit Ibr preparation of a composition effective to elicit In a subject an 
immune response to an immunogent ccmiprising 

(i) a biphasic lipid vesicle component, said vesicles having a central core 
compartment oontaining an oB-in-water emulsion, 

(ii) an immunogen component; and 

(lii) an oligonucleotide component, said oligonucleotide having at least one 
cytosine-guanine (CpG) dinudeotide; 

wherein said components are admixed to form a composition effective to 
elicit an immune response. 

21 . A Idt for preparation of a composition effective to elicit in a subject an 
immune response to an immunogen, comprising 

0) a biphasic lipid veside component, said vesides having a central core 
compartment containing an oil-in'^ater emulsion, said vesicles containing an 
entrapped immunogen; and 

(ii) a CpG oligonucleotide component, said oligonudeotide having at least 
one cytosine-guanine (CpG) dinudeotide; 

wherein said components are admixed to fbrnn a composition effective to 
elicit an immune response. . 

22. A idt for preparation of a composition effective to elicit in a subject an 
immune response to an immunogen, compilsing 

(i) a biphasic lipid veside component, said vesides having a central core 
compartment containing an oil-in-wat^ emulsion, said vesides containing an 
entrapped oligonucleotide having at least one cytosine-guanine (CpG) 
dinudeotide; and 

(ii) an immunogen component; 

wherein said components are admixed to form a composition effective to 
elicit an immune response. 
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23. The kit according to any one of dalm 20-22, whensin said CpG 
oiigonudeotide sequence comprises between about 4 to 100 nucleotides. 



24. The kit according to any one of claims 20-22, wherein saM CpG 
or^onudeotide comprises a sequence selected from the group consisting of 
sequences identified herein as SEQ ID NO:1, SEQ ID N0:2t SEQ ID N0:3, SEQ 
ID N0:4, SEQ ID N0;5. SEQ ID NO:6, SEQ ID N0:7. SEQ ID N0:8, SEQ ID 
NO:e, SEQ ID NO:10, and SEQ ID N0:11. 

25. The kit according to any one of daim 20-22, wherein the 
oiigonudeotide has a phosphate backbone modification. 

26. The kit according to any one of dalm 20-22. wherein the phosphate 
backbone modification Is a phosphorothloate backbone modification. 

27. The kit according to any one of daim 20-22, wherein the immunogen is 
selected from the group consisting of antigens derived from bacterial, viial, 
parasitic, plant and fiingal origin. 

28. An improvement in a composition comprised of a biphasic lipid vesicle 
and an immunogen, comprising 

an oligonucleotide having at least one cytoslne-guanine (CpG) dinudeotlde, 
wherein said improvement is effective to enhance the immune response to the 
immunogen relative to the response obtained by administration of the vesldes and 
the immunogen in the absence of the oligonudeotkJe. 

29. A method for enhandng the immune response obtained by 
administration of a biphasic lipid vesicle entrapped immunogen, comprising 

administering an oiigonudeotide having at least one cytosine-guanine 
(CpG) dinudeotlde. 



27 



WO03/D26688 



PCT/CA02/01446 



1/3 




Fig • lA 



5- 



S2 

1 2- 



T 



0- 

c/ 

Fig. IB 



PCT/CA02/01446 



2/3 



400000 
300000 
200000 
100000-1 



m 



t>.v>.v>. 

/Aw 



1 



Fig. 2 



150000-, 



100000- 



50000- 



i 



Subcutaneoiis 




bitcajuisal 



Route of ImmiiniMtloii 



Fig. 3 



3/3 



PC:T/CA02/01446 



aoooool 

200000 
100000 




Mouse Test Gtoup No. 

Fig. 4 



INTERNATIONAL SEARCH REPORT 



tnti ulAppDcoBonNa 

PCT/CA 02/01446 



A. CLASanCATIONOFaiBJECTIIU'nER . , 

IPC 7 A61K39/00 A61K9/107 A61K9/127 



A61P31/00 



AccDTiflng to Intemallonal PaiBrtt CtessgteaBon (PQ orto bolft naitoial cftgafflnaflnn and IPC 



B. RELD8 SEARCHED 



Minimum docwmntalloa seatchad (dasslSCaaon a/stern CoUowsd by ctasdtealtoii ounbols) 

IPC 7 A61K 



Dpoumentafionaeardwdolherllunndnlmumdocum^^ tntballskbaaarchad 



Etoctronlc data base oonsuttad durtng tha Intfinedbna) seareh (none ct data bass dnc^ vutiafs pffifttcaj sosnh tanm umcQ 

EPO-Internal, BIOSIS, UPI Data, EHBASE, HEDLINE, PAO 



e. DOCUMENTS CONSDE^TOM ffiLEVANT 



Caleooiy ° Citation o«diitainwi].«imilnitcB!10B, where eppiopil^otttiaiBlsvaiJtpasoaQsa 



RBtonMtecMmNa 



WO 99 11247 A (FOLOVARI NARIANNA :BACA 
ESTRADA NARIA (CA); PHARMADERH LAB LTD 
(OA) 11 March 1999 (1999-03-11) 

example 2 

LUDEUI6 A B ET AL: "In vivo antigen 
loading and activation of dendritic cells 
via a llposonal peptide vaccine mediates 
protective antiviral and anti-tumour 
Immunity" 

VACCINE. BUHERWORTH SCIENTIFIC. 
GUILDFORD, fiB. 
vol. 19, no. 1, 

15 August 200O (2000-08-15), pages 23-32, 
XP004228807 
ISSN: 0264-410X 
figure 4 

~ -/- 



1-3 



4-29 



Further documents are (^Bd In tha oontfiiualtonof boDiC. 



Patent tenQif fflambaiB are Ibled In annax. 



* Speda) categoftes of died documents : 

"A" dOGumant donning tlie general Slate or ttia art wMoli tenet 

considefBdto ba of pellicular leEevanoa 
"E* eaillerdooOTiantliutpiilMadonoraOartha btkamaHonal 

filing data 

'L* document whiGh may thnwdoubte on pdoiRy daknCB)or 
vAttti is dtadto sstatOe)) ibe puiiScailon date of onolliar 
cQation or other spedal reason (as spedTIsd) 

"OP doeuinBntiGfanlngtDanaaidiBdosuiB^usa^ eocMbfionor 
otlter means 

'P" documempubnshad prior to the Intdrnational fiSngdatabut 
laldf than the priorlly dale cbriimd 



*T* liter dotwment pubOshad after the intemattonal filing data 
or prforHy data and not In conflict with the appScalion but 
dtedtDundenitandtheprlndpleorthBoiy imdetVd^g the 
Invention 

dDQanOTtofpaAkaiI&rrB{evanc8;lh8clatmed {nvanOon 
cannot be considBred novel orcannot be considered to 
IsiralvaaninvBntivefllspwhenthddDeuntofitb triBnitea 
T dNumemorpBitlctilarrat0rarioB:thacyrn8d invanliDn 
cannot baeansklBrBd to bmrivD an ImonOva elepwhentba 
docamantb combined uAh one or morn other suchdocu- 
mant^auChoombhaUonbalng obvious to a pemonskioad 
in the an. 

' dDcumamffMitibarofihttfiamopalantland^ 



Data d ttia actual oonvtaSon of Qis InltemallDiial saanii 



16 December 20D2 



Date of matDi^d the Intemattonal search reiroit 

13/01/2003 



Nama and maSng address of the ISA 

European Patent Ontoe, P.B. 58ia Patantlaan 2 
^a.•-^280HVRr|6w9k 

TeL (431-70) 340-2040, IX 31 651 epo rtl 
Fax f»ai-7lJ) 340-3016 



AimioTfZBdofScer 



Wagner, R 



Ram PCT/1SA/21Q ^ooandeM} (lu^ 1892) 



INTERNATIONAL SEARCH REPORT 



M malAppReaaenNs 

PCT/CA 02/01446 



CXCentlnuatton) DOCUUENirS CONSIDERED TO BE RELEVANT 


CatBgbty* 


auta MdoouneMiWin lndtoadoih«ilmnap|M«pit^ 


REdfivant to daltn hbx 


Y 


GURSEL M ET AL: "Iimiunoadjuvant action of 
plasmld DMA In llposinnes" 
VACCINE, BUnERWORTH SCIENTIFIC. 
eUILOFORD, 6B, 

vol. 17, no. 11-12, March 1999 (1999-03), 
pages 1376-1383, XP0D415826S 
ISSN: 0264-410X 
figure 3 


4-29 


Y 


US 5 993 851 A (FOLDVARI MARIANNA) 
30 November 1999 (1999-11-30) 
claim 10 


4-29 


A 


NUI BARBARA ET AL: "Immune stimulation by 
a Cp6-conta1n1ng ollgodeoxynucleotlde Is 
enhanced when encapsulated and delivered 
In lipid particles." 

JOURNAL OF PHARnACOLOGY AND EXPERIMENTAL 
THERAPEUTICS, 

vol. 298, no. 3, September 2001 (2001-09), 
pages 1185-1192, XP002224996 
ISSN: 0022-3565 
abstract 


4-29 


A 


WO 01 15726 A (INEX PHARMACEUTICALS CORP 
;ICOJIC LJILJIANA D (CA); NUI BARBARA (CA) 
8 March 2001 (2001-03-08) 
page 12 -page 16 


4-29 


A 


UO 99 11241 A (SniTHKLINE BEECHAM BI0L06 
:6ARC0N NATHALIE (BE); MOMIN PATRICIA MA) 
11 March 1999 (1999-03-11) 
the whole document 


1-3 


A 


BACA-ESTRADA H E ET AL: "Effects of IL-12 
on Immune responses Induced by 
transcutaneous immunization with antigens 
formulated In a novel llpld-based b1 phasic 
delivery system" 

VACCINE. BUnERUORTH SCIENTIFIC. 
GUILDFORD, GB, 

vol . 18, no. 17, March 2000 (2000-03), 
pages 1847-1854, XP004190065 
ISSN: 0264-410X 
the whole document 


1-19 


A 


BACA-ESTRADA H E ET AL: "Vaccine 
delivery: llpld-based delivery systems" 
JUJRNAL OF BIOTECHNOLOGY ELSEVIER SCIENCE 
PUBLISHERS, AMSTERDAM, NL, 
vol. 83, no. 1-2, 

29 September 2000 (2000-09-29), pages 
91-104, XP004212157 

ISSN: 0168-1656 
the whole document 


1-29 



INTERNATIONAL SEARCH REPORT 



nmiiattonal appdcaHon No. 
PCT/CA 02/01446 



Box I Obscrvaaona Where certain ctalm$were found uii ae arc haMe (ConBmjaBqn of Rem 1 of first ehes^ 



Thb IntemaSanal Search Raport has not beon eatabSshed In respsctof certain dalms under Mda 17(^a] Ibr the flalkiwlng remans: 

1. \x\ CttdmaNosi: 

because they relala iD eub|eot mafisr not required to be eeariM 

Although claim 29 1s directed to a method of treatment of the huinan/anlraal 
boGly, the search has been carried out and based on the alleged effects of the 
composition. 

2. rn Claims N08^ 

because they ratete to parts of fte IntemafiofKri Applied 
ansKtentlhBtnomsanlnsluiintaniaaaiBlssarAcanbeca^^ 



3. Claims NoB^ 

because ihey are dependent claims and ere not dratted m aooorcbnfia vdih the second and WM aeniencae of Rule 6.4(e). 



BoxD Ob6ervatlonswherBiirAyoflnvenllonlsiadcln9(C^^ 



TWslntemaUanal Gaarohlno Authorit/ fbund imd^ InventlonB In tWe mtamallanal epFflleelioa eefoflowa: 



2. Q AsaBaeagiabtecIab^ 
of any aocSoonai fee. 



3. I I As only some of me required eddmcne) saarcan fees timely paid by the appBoant this Intemattonal&afch Recert 
^ covereonVdiosecMms for whfiii fees wei9p^d.specir^ <vH»««i,in»inwraiunwaaarcn«B^ 



RsnBrkimProlBel Q The adtfflonal search fees war»aBcomparted by ftoappSeanifspn^ 

I I ^topmtB8taoc{mlpenledelepaymBmofaddtl!analsealdlfee^ 



Form PCTyiSA/210 (contfnuaUon of fkst sheet (1)) (July lees) 



INTERNATIONAL SEARCH REPORT 

ntfonnBtlon on patent fBRiily RiCBibere 



Inta natApplleattenHo 
PCT/CA 02/01446 



Rafeont document 




PubDeaBon 




RatanttamlV 


PubUcafion 


Cmsuin ooBiCil repvii 








in0inuoi\9| 


■ifii 1 

uolo 


NO 9911247 


A 


11-03-1999 


AU 


735955 B2 


19-07-2001 






AU 


8968498 A 


22-03-1999 






CA 


2302494 Al 


11-03-1999 






WO 


9911247 Al 


11-03-1999 






CN 


1277551 T 


20-12-2000 






EP 


1023054 Al 


02-08-2000 






JP 


2001514212 T 


11-09-2001 






NZ 


S03568 A 


30-03-2001 






US 


59938S2 A 


30-11-1999 



US 5993851 



30-11-1999 



US 


5853755 


A 


29-12-1998 


AT 


195866 


T 


15-09-2000 


AU 


7343894 


A 


28-02-1995 


CA 


2168260 


Al 


09-02-1995 


UO 


9503787 


Al 


09-02-1995 


DE 


69425750 


Dl 


05-10-2000 


DE 


69425750 


T2 


26-04-2001 


DK 


711148 


T3 


02-01-2001 


EP 


0711148 


Al 


15-05-1996 


ES 


■ 2152324 


T3 


01-02-2001 


fiR 


3034777 


T3 


28-02-2001 


PT 


711148 


T 


28-02-2001 


SI 


711148 


Tl 


2&-02-2001 



UO 0115726 



08-03-2001 AU 


6813900 A 


26-03-2001 


BR 


0013834 A 


23-04-2002 


. WO. 


0115726 A2 


08-03-2001 


... ' \-.v- • CZ ■■. 


20021029 A3 


14-08-2002 


EP 


1212085 A2 


12-05-2002 


HU 


0202327 A2 


28-10-2002 


AU 


6715600 A 


19-03-2001 


EP 


1206250 A2 


22-05-2002 


UO 


0113898 A2 


01-03-2001 



UO 9911241 


A 


11-03-1999 AU 


1145699 A 


22-03-1999 






CA 


2302554 Al 


li-03-1999 






WO 


9911241 Al 


11-03-1999 






EP 


1009382 Al 


21-06-2000 






OP 


2001514208 T 


11-09-2001 



1 



